The cross section of single vector leptoquark production in direct leptongluon interaction is calculated. In a model independent analysis an effective Lagrangian describing the most general C and P conserving coupling of the leptoquarks to gluons is considered. An analytical expression is derived for the cross section in the case of anomalous vector leptoquark couplings to the gluon field. The cross sections of inclusive production of (eq)-, (µq)-and (τ q)-type vector leptoquarks in ep and pp collisions due to direct leptongluon interaction are evaluated for q = u, b, t. Dependences of the cross sections on the anomalous couplings are investigated. The obtained results can be useful for studies at ep colliders and the LHC.
Introduction
Numerous theories beyond the Standard Model lead to the possibility of quark-lepton interactions mediated by bosons called leptoquarks [1, 2, 3, 4, 5, 6, 7] .
The analysis of this Letter is based on the Buchmüller-Rückl-Wyler (BRW) leptoquark model [8] within which the baryon and lepton numbers are conserved and the corresponding Lagrangian is symmetric under SU(3) C × SU(2) L × U(1) Y transformations so that the leptoquarks carry the electric and weak charges and also appear to be color triplets. The latter means that the leptoquarks can couple to the gauge bosons of the Standard Model [9, 10, 11] . The bosonic couplings of scalar leptoquarks are determined completely, while for the case of vector leptoquark states there is an ambiguity in determination of the Yang-Mills type couplings depending on the nature of the vector leptoquarks. If the leptoquarks are the gauge bosons of an extended gauge group, being thus fundamental objects, then the couplings are completely fixed by the gauge invariance. However, if they are low energy manifestations of a more fundamental theory at a higher energy scale, then the interaction with the gauge bosons is described by an effective Lagrangian. In this case there may be a number of parameters inducing anomalous interactions. Therefore, both possibilities of interaction of the vector leptoquarks should be investigated.
Searches for leptoquarks have been carried out at e + e − [12] , ep [13] , pp [14] and pp colliders [15, 16] .
The present Letter studies single vector leptoquark production in direct lepton-gluon interaction and generalizes the analysis of [17, 18] by consid-ering the most general C and P conserving coupling of gluons to the leptoquarks. The cross sections of production of (eq)-, (µq)-and (τ q)-type vector leptoquarks due to direct lepton-gluon interaction at the LHC is also investigated for q = u, b, t.
The coupling of vector leptoquarks to gluons
Let us consider single vector leptoquark (V ) production in direct interaction of a left/right polarized lepton with gluons appearing in the BRW model [17] :
where l = e, µ, τ .
The leading order Feynman diagrams contributing to this process are presented in Fig. 1 in which one encounters the coupling of vector leptoquarks to gluons mentioned above. The most general effective Lagrangian describing vector leptoquark-gluon interaction has the form [19] :
Here, g s is the strong coupling constant, t a ij are the generators of the group SU(3) C , m V is the leptoquark mass, k G and λ G are the anomalous couplings.
The field strength tensors of the gluon and vector leptoquark fields are
with the covariant derivative given by
The parameters k G and λ G are related to the anomalous "magnetic" moment µ V and "electric" quadrupole moment q V of the leptoquarks in the color field and assumed to be real
To keep the analysis model independent, it is also assumed that these quantities are independent.
The Lagrangian (2) leads to the following Feynman rule for the trilinear V V g vertex shown in Fig. 2 :
where
The Feynman rules for the rest two vertices, eqV and qqg, needed to calculate the cross section are much simpler and given in Fig. 3 .
The cross section for direct lepton-gluon interaction
The cross section of the reaction (1) is calculated using the diagrams from 
where λ is the coupling constant corresponding to the lqV vertex,
√ s is the center-of-mass momentum of any of the final state particles.
One can verify that (10) is in a very good numerical agreement with the corresponding calculations of [17] at k G = 1, λ G = 0 (the minimal vector coupling) and exactly reducible to the result from [18] by setting k G = λ G = 0 (Yang-Mills type coupling) as well.
Note that from (10) one can also obtain the exact expression for the leading order cross section of W boson production in neutrino-photon scattering 20] by performing the following substitutions [18] :
where g is the coupling of the weak charged current (related to the Fermi
2 W , α is the fine structure constant. The coefficient of α s is the color factor equal to 1/2 for the diagrams in Fig. 1 .
Single vector leptoquark production in lepton-proton collisions
A standard convolution of the cross section (10) with the gluon distribution in the proton gives the cross section of inclusive vector leptoquark production measurable in lepton-proton collisions:
where g(x,ŝ) is the gluon distribution function, √ŝ is the total energy of the subprocess, 
Single vector leptoquark production in proton-proton collisions
Leptoquarks can be produced singly at pp colliders such as the LHC by splitting photons emitted from the proton beam into lepton pairs [22] . One of the leptons can then collide with a gluon from the other proton beam and thereby produce a leptoquark. This mechanism is schematically illustrated in Fig 9 . The corresponding cross section is then given by
Here f l/p (x 1 ,ŝ) is the equivalent lepton spectrum of the proton which can be found as
where f γ/p (x,ŝ) is the equivalent photon spectrum of the proton and f l/γ (x,ŝ) is the photon splitting rate to lepton pairs of mass m l [23, 24, 25, 26] 
In the present analysis, for f γ/p (x,ŝ), the inelastic photon content of the proton from [27] is adopted. It is also setŝ = m 2 V in all the used partonic distribution functions [22] . 
Conclusions
The cross section for single vector leptoquark production in direct leptongluon interaction is calculated using the Buchmüller-Rückl-Wyler TeV and 7 TeV, respectively) is the production of leptoquark pairs in gluongluon fusion and quark-antiquark annihilation [14, 29, 30, 31] . Though these processes do not depend on the unknown coupling λ, they, however, allow to reach the leptoquark masses lower than it is possible in single leptoquark production discussed above [22] . This is a result of the softness of gluons and antiquarks in the proton (antiproton).
According to the present analysis, for the parameters given above, (lt 
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